O steonecrosis of the femoral head is not a rare orthopedic disorder and affects mainly young and middle-aged patients. 1 The etiology of osteonecrosis of the femoral head can be divided into 3 categories: idiopathic; secondary, mainly caused by steroid use 2 ; and trauma. 3 Patients in the idiopathic and secondary groups are relatively young, with a mean age of 47 years. 4 Young patients who undergo hip replacement are more likely to have a revision during their lifetime compared with older patients. For this reason, joint-preserving treatments in osteonecrosis of the femoral head play an important role. One treatment that has been proposed is hyperbaric oxygen treatment, which restores tissue oxygenation of the femoral head, reduces edema, and induces angiogenesis. By reducing intraosseous pressure, venous drainage is restored and the microcirculation is improved. 5 Therefore, hyperbaric oxygen treatment seems to be indicated in osteonecrosis of the femoral head because its actions address the specific needs of the endangered bone. The authors present their analysis of the results of hyperbaric oxygen treatment in patients with Steinberg stage I or II osteonecrosis of the femoral head.
Materials and Methods
Clinical and magnetic resonance imaging (MRI) data were reviewed for 68 patients (78 joints) with symptomatic stage I or II osteonecrosis of the femoral head treated with hyperbaric oxygen from July 1996 to August 2012. Staging was done according to the criteria of Steinberg et al. 6 All patients were diagnosed and staged by MRI scans reviewed by certified musculoskeletal radiologists. All patients followed a protected weight-bearing regimen for the duration of their symptoms and underwent a series of 6 daily sessions of hyperbaric oxygen treatment each week. The treatments were paid for by the patients' health insurance. Treatments were continued as long as they were covered by health insurance or until symptoms resolved. The hyperbaric oxygen treatment protocol involved breathing 100% oxygen at 2 to 2.4 atmospheres absolute in a multiplace pressure chamber for 90 minutes using an overboard demand regulator with an oral nasal mask breathing system. A subsequent MRI was performed within 2 months after the end of treatment. The endpoint was an improvement of immediate posttreatment MRI findings compared with the pretreatment MRI. On follow-up at a mean of 11.1±5.1 years, a telephone interview was conducted. Noted was the survival of the joint (hip replacement surgery or none). A modified Harris Hip Score questionnaire 7 was administered for the start of treatment and at follow-up. The same was done with the Short Form 12 health survey (SF-12), which has physical and mental components (PCS-12 and MCS-12, respectively). 8 The scoring was further analyzed for the subgroups of stage I and II and for the etiology groups of idiopathic, trauma, and secondary (mainly because of previous steroid treatment).
Data were analyzed by a qualified statistician using SPSS software for Windows, version 18 Table 2 summarizes the improvement seen on MRI. Of 68 patients, 4 did not undergo posttreatment MRI. In the remaining 74 joints (64 patients) 88% or 65 joints showed improvement (reduced lesion size) on posttreatment MRI. Stage I showed 95% improvement and stage II showed 81% improvement. Ninetythree percent improved in the idiopathic group, 85% improved in the trauma group, and 75% improved in the secondary group.
Of 68 patients, 54 (58 joints) were located and completed the interview on follow-up. Mean follow-up was 11.1±5.1 years (range, 7 months to 16 years and 7 months). Table 3 summarizes the results of joint survival. Only 4 joints (7%) had undergone hip joint replacement at the time of follow-up, for a 93% survival rate. 9,10 Many treatment modalities have been used in an effort to alter this natural history. Joint-preserving treatments focused on Steinberg stages I and II in which there is no subchondral fracture and joint surface collapse may still be avoided. These treatments included surgical procedures, such as core decompression, bone grafting, and osteotomies, and nonsurgical procedures, such as extracorporeal shock wave treatment, anticoagulative treatment, alendronate, and hyperbaric oxygen. 2 Hyperbaric oxygen treatment involves intermittent inhalation of 100% oxygen at greater than atmospheric pressure. This treatment is administered in a hyperbaric chamber, which is compressed with air, while the patient breathes oxygen at ambient pressure through a mask. Inspiration of oxygen at high pressure increases the amount of oxygen dissolved in the plasma in direct proportion to the rise in ambient pressure. Thus, when oxygen is inhaled at 2 to 2.4 atmospheres absolute, the plasma oxygen content increases from 0.32 volume percent to 4.8 to 5.76 volume percent. This high dissolved oxygen concentration improves oxygen delivery to bone tissue, reduces marrow edema, and thereby reduces intraosseous pressure, improving venous drainage and microcirculation. By flooding the extracellular fluid with diffused oxygen, the oxygen becomes available to the ischemic bone cells without the need for circulat- ing hemoglobin. Hyperbaric oxygen treatment also stimulates angiogenesis that is needed for healing of osteonecrosis of the femoral head. 10 Furthermore, osteoclast and osteoblast function is stimulated by the high oxygen pressure levels. 11 To the authors' knowledge, this article presents the largest series of hyperbaric oxygen treatment for osteonecrosis of the femoral head to date (74 joints for MRI results and 58 joints for joint survival, hip function, and quality of life) and has the longest follow-up (mean, 11.1 years for survival, hip function, and quality of life). Before MRI was available, Baixe et al 12 presented a report on 41 joints with osteonecrosis of the femoral head that were treated with 20 hyperbaric oxygen sessions. All joints survived after 24 months. Strauss et al 10 presented a metaanalysis in 2008 that included stages I, II, and III osteonecrosis of the femoral head. Of 86 joints treated with hyperbaric oxygen and followed for less than 24 months, 83 (97%) survived. Of 103 other joints followed for more than 24 months, 83 (81%) survived. According to the meta-analysis by Strauss et al, 10 the results with hyperbaric oxygen were superior to the results of natural history, core decompression, bone grafting, osteotomy, and electrical stimulation. Reis et al 13 treated 16 hips with stage I osteonecrosis of the femoral head with hyperbaric oxygen and compared them with the results of an observational study 14 that showed lesions of similar size on MRI. In this study, 81% of joints returned to normal on MRI compared with 17% in the untreated group. Camporesi et al 15 treated 10 joints with stage II osteonecrosis of the femoral head with hyperbaric oxygen and compared them with 9 patients who were treated with hyperbaric air. The hyperbaric oxygen treatment group showed improved pain scores, hip joint range of motion, and stabilometry scores.
In the current study, improvement on posttreatment MRI was substantial, 88% in the whole group and 95% for stage I and 81% for stage II. These radiologic findings are in keeping with the pain reduction shown on modified Harris Hip Score and the physical and mental improvement reflected by SF-12 scores.
The authors' observation at a mean of 11.1 years showed a combined survival rate for stage I and stage II of 93%. Stage I showed a survival rate of 97%, and stage II showed a survival rate of 90%. The nat- Modified Harris Hip Score improved significantly between the start of treatment and follow-up. This finding shows that hip joint function improved and pain was reduced. The limitation of this modified score is that patients were not examined for range of motion of the joint.
The SF-12 had been shown to be reliable in evaluating the change in quality of life after hip joint treatment. 16 The survey has physical and mental components. Both showed a significant improvement at follow-up, reflecting physical and mental improvements achieved after treatment.
Etiology of osteonecrosis of the femoral head affected the outcome of treatment. The secondary group (mostly steroid treatment) did not show as much improvement on MRI as the other groups (75% vs 85% in the trauma group and 93% in the idiopathic group). Moreover, this group had a lower joint survival rate (73% vs 100% in the other groups). This may be related to the medical condition that necessitated steroid treatment. Further, some patients needed continued steroid treatment even after the diagnosis of osteonecrosis of the femoral head.
Other joint-preserving treatments of early-stage osteonecrosis of the femoral head also showed effectiveness. Alendronate treatment improved the survival rate of stage I osteonecrosis of the femoral head to 98% and the survival rate of stage II osteonecrosis of the femoral head to 92% at 8-year follow-up. 17 Core decompression led to survival of 96% of stage I joints and 74% of stage II joints after 10-year follow-up. 18 Implantation at the site of decompression with autologous bone marrow with or without hydroxyapatite-polyamide also proved effective. 19, 20 Extracorporeal shockwave therapy and pulsed electromagnetic fields are other modalities of treatment that showed a beneficial effect on the outcome of early-stage osteonecrosis of the femoral head. 21, 22 The combination of those treatments with hyperbaric oxygen might enhance the success rates of treatment and can be a focus of future research.
Limitations
The current study had some limitations. Analysis of MRI was used for comparison of pre-and posttreatment findings to determine reduction in the size of the lesion. The study did not include the exact measurement and location of the original lesion. However, pretreatment modified Harris Hip Score and SF-12 score showed that the patients were disabled, even at stage I.
The number of treatment sessions given at the authors' institution varied from 25 to 135 (mean, 80±24 treatments) because of variations in the coverage provided by the patients' health insurance. Future studies are needed to determine the optimal number of sessions.
The time of follow-up also varied from 7 months to 16 years and 7 months (mean, 11.1±5.1 years). Nevertheless, only 5 joints (8.6%) were followed for less than 2 years, and the improvement noted on the questionnaires showed that significant clinical improvement occurred.
Another limitation was that 25% of patients (20 joints) were lost to follow-up for the analysis of survival, hip function, and quality of life. Those patients could not be reached by telephone. The number of patients lost to follow-up was equal between stage I and stage II. Sixteen cases were of idiopathic etiology, 3 were related to trauma, and only 1 had secondary etiology that had a worse prognosis in the authors' analysis. Thus, the authors do not believe that the loss to follow-up affected the results.
conclusion
The current study shows that hyperbaric oxygen treatment has a role in treating stage I and II osteonecrosis of the femoral head.
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